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Abstract.

A nutrient delivery system that may have applicability for growing plants

in microgravity is described. The Vacuum-Operated Nutrient Delivery System (VONDS)
draws nutrient solution across roots that are under a partial vacuum at =91 kPa. Bean
(Phaseolus vulgaris L. cv. Blue Lake 274) plants grown on the VONDS had consistently
greater leaf area and higher root, stem, leaf, and pod dry weights than plants grown
under nonvacuum control conditions. This study demonstrates the potential applica-
bility of the VONDS for growing plants in microgravity for space biology experimen-

tation and/or crop production.

A major obstacle to devising a system that
could support plant growth in the micro-
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gravity of space is the design of a water and
nutrient delivery subsystem. Any mechani-
cal parts involved must operate reliably in
microgravity, and nutrient solution must be
confined to the root zone. Several techniques
have been suggested, including the use of
hydrophilic microporous ceramic tubes
(Dreschel and Sager, 1989), acrylic mem-
branes (Wright et al., 1988), and solid sub-
strates such as rock wool (Kitaya et al., 1988),
or a combination of porous tubes surrounded
by a solid matrix (Morrow et al., 1990). Here
we report on an altemative approach in which
roots are maintained and supplied with water
and nutrients while under partial vacuum.
Using our system, called the Vacuum-Op-
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erated Nutrient Delivery System (VONDS),
we were able to grow bean plants through
their entire life cycle.

The basic plant-support unit of the VONDS
is shown in Fig. 1. A 500-ml polypropylene
jar, covered with black tape, was used as the
root-containment vessel (RCV). A screw-on
lid was modified by cutting an 8-cm-diam-
eter hole in the center. A flat PVC disk with
a flat O-ring beneath was placed over the
container opening and sealed. The flat inner
disk contained three openings, one to ac-
commodate nutrient solution input, one for
the vacuum/nutrient solution outlet, and one
for the plant stem. Both the nutrient input
and vacuum lines were black neoprene tub-
ing, 32 mm o.d. and 16 mm i.d. Lines were
attached to the container with standard luer-
lock fittings and connected to high-density
polypropylene filters of 70-pm pore size
(Porex Technologies, Fairburn, Ga.). The
stem fit snugly through a slitted piece of soft,
black, closed-cell foam. The foam was held
in place by a no. 12 tapered caplug (Protec-
tive Closures Co., Buffalo, N.Y.) with a 15-
mm-diameter hole in the center. The foam-
caplug combination was held in place with
the screw top and threads from a polypro-
pylene bottle (the diameter of the opening
was 25 mm).

The nutrient solution (Wheeler et al., 1991)
was pumped from a 125-liter main nutrient
solution tank to the nutrient solution mani-
folds, then returned to the main tank (upper
shelf) or a 20-liter sump nutrient tank (lower
shelf). Aeration was accomplished through
the cascading action of the nutrient solution
return to the main tank. Both nutrient solu-
tion manifolds were maintained at 103 kPa
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Fig. 1.

Table 1.

@\ BOTTLE SCREW CAP
@—— CLOSED CELL FOAM PLUG

MODIFIED SCREW-ON TOP

VACUUM LINE
NUTRIENT LINE

= POLYPROPYLENE FILTERS

POLYPROPYLENE JAR

SP

SUMP TANK

&)

MAIN TANK

VM
BV
cv
F
sP
cpP
VP
VR
VG
FS
tc

NSM = NUTRIENT SOLUTION MANIFOLD

KEY

= VACUUM MANIFOLD
= BALL VALVE

= CHECK VALVE

= SUBMICRON FILTER
= SUBMERSIBLE PUMP
= CENTRIFUGAL PUMP
= VACUUM PUMPS

= VACUUM REGULATOR
= VACUUM GAUGE

= FLOAT SWITCH

= LEVEL CONTROLLER

Comparison of growth characteristics for ‘Bluc Lake Bush 274’ bean plants grown on the

Vacuum-Operated Nutrient Delivery System (VONDS) or under control, nonvacuum conditions.

Dry wt (g/plant)

Leaf area
Treatment (dm?/plant) Root Stem Leaf Pod
VONDS 50.8** 2.44* 4.59** 12.92** 18.54*
Nonvacuum 30.1 1.62 2.76 7.19 11.40

*-**Mean separation within columns significant at P = 0.05 or 0.01, respectively.

(for reference, ambient pressure was 101 kPa).
The solution from the lower shelf filled the
sump tank and tripped a float switch, turning
on a submersible centrifugal pump that re-
turned the solution to the main tank. Neo-
prene tubing connected the nutrient and
vacuum manifolds with the RCV. The nu-
trient solution flow rate was 52.9 ml-min-!
(%10.2), and the volume of the solution
within the RCV was 160 ml with a head-
space of 280 ml. The solution was drawn
from the RCV through the vacuum manifold
and into a vacuum tank, both of which were
kept at 89 kPa (+2) by two double-headed
vacuum pumps. As the vacuum tank filled,
it tripped a solution level controller that turned
on a second centrifugal pump and returned
the solution to the main tank. A partial vac-
uum at =89 kPa (% 2) was maintained within
the RCVs during the entire growing period.
The control, nonvacuum RCVs were similar
to the VONDS RCVs in that nutrient solu-

1184

tion was added via the same mechanism and
removed by suction. The only difference was
a small hole in the top of the nonvacuum
RCVs to dissipate the vacuum and maintain
ambient pressure. Demineralized water was
added to the main tank to maintain a constant
volume, and nutrients were replenished
weekly, as needed.

Ten-day-old hydroponically grown seed-
lings of ‘Blue Lake Bush 274’ green bean
were transplanted into the VONDS and non-
vacuum RCVs and placed in a growth cham-
ber that supplied 250 pmol-m-2-s-! pho-
tosynthetically active radiation at the leaf
surface from daylight fluorescent lamps. Air
was at 28/22C and relative humidity was 60%/
75% during the 12/12 h light/dark periods.
The nutrient solution was at 25C (x1.5).
Five replicate plants were harvested and
measured at 63 days after planting (53 days
after transplanting). The data were compared
using one-way analysis of variance,

Schematic diagram of the Vacuum-Operated Nutrient Delivery System root containment vessel and the overall system.

The VONDS was able to adequately sup-
port bean plant growth from transplant to
final harvest. In fact, at harvest, VONDS-
grown plants exhibited significantly greater
leaf area and higher root, stem, leaf, and pod
dry weights than the control, nonvacuum-
grown plants (Table 1).

The ultimate goals in the development of
a nutrient delivery system suitable for mi-
crogravity are safety, reliability, indepen-
dence of the need for gravity, and the ability
to grow plants as well as can standard, grav-
ity-dependent techniques. The VONDS may
be useful in meeting these criteria.
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